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(57) ABSTRACT

Disclosed are various embodiments for using air pressure to
increase or decrease the force of static friction between an
item and the surface of a conveyance system. The convey-
ance system can include a track and a conveyor segment
alhixed to the track. The conveyor segment can include an air
permeable surface on which an 1tem can be placed. Mounted
underneath the air permeable surface 1s an air displacement
device.
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AIR PRESSURE ASSISTED CONVEYANCE
SYSTEM

BACKGROUND

Logistics facilities (e.g., warechouses, shipping centers,
etc.) often use materials handling systems to move items
from one point to another or to sort items. Materials han-
dling systems can include conveyor belts, beds, trays or
similar devices. These materials handling systems often rely
on gravity to anchor items to the materials handling systems
as the 1tems are moved.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure can be better
understood with reference to the following drawings. The
components 1 the drawings are not necessarily to scale,
with emphasis mstead being placed upon clearly illustrating,
the principles of the disclosure. Moreover, 1n the drawings,
like reference numerals designate corresponding parts
throughout the several views.

FIG. 1 1s a drawing depicting one of several embodiments
of the present disclosure.

FIG. 2 1s a drawing depicting one of several embodiments
of the present disclosure.

FI1G. 3 1s a drawing depicting one of several embodiments
of the present disclosure.

FI1G. 4 1s a drawing depicting one of several embodiments
of the present disclosure.

FIG. 5 1s a drawing of a networked environment accord-
ing to various embodiments of the present disclosure.

FIG. 6 1s a flowchart 1illustrating one example of func-
tionality implemented as portions of an application executed
in 1n the networked environment of FIG. 5 according to
various embodiments of the present disclosure.

FIG. 7 1s a flowchart illustrating one example of func-
tionality implemented as portions of an application executed
in the networked environment of FIG. 5 according to various
embodiments of the present disclosure.

FIG. 8 1s a flowchart 1illustrating one example of func-
tionality implemented as portions of an application executed
in the networked environment of FIG. 5 according to various
embodiments of the present disclosure.

FIG. 9 1s a flowchart illustrating one example of func-
tionality implemented as portions of an application executed
in the networked environment of FIG. 5 according to various
embodiments of the present disclosure.

FIG. 10 1s a flowchart illustrating one example of func-
tionality implemented as portions of an application executed
in the networked environment of FIG. 5 according to various
embodiments of the present disclosure.

FIG. 11 1s a schematic block diagram that provides one
example illustration of a computing environment employed
in the networked environment of FIG. 5 according to various
embodiments of the present disclosure.

DETAILED DESCRIPTION

Disclosed are various embodiments of a conveyance
system that uses air pressure to supplement the normal
gravitational force of an 1tem on a conveyance system by
increasing the force of static friction between an item and the
conveyance system at key points along a material handling
path, e.g., during turns 1n a conveyance mechanmism, or
during sorting, when the item 1s acted on by forces that
interrupt or alter the momentum of the 1item along the path.
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By increasing the force of static friction between an 1tem and
the conveyance system, the conveyance system can be
operated at higher speeds compared to conveyance systems
that rely solely on gravity to hold an item in place using
static friction. Due to the higher force of static friction, items
are less likely to slip or lose contact with the conveyance
system when operated at higher speeds. By increasing the
force of static friction between the 1tem and the conveyance
system, the conveyance system can also be configured to
make sharper turns, or traverse steeper inclines and declines
compared to conveyance systems that rely solely on gravity
to hold an item 1n place using static friction. Due to the
higher force of static friction, items are less likely to shide off
the conveyance system as a change in direction of travel
(e.g., turning a corner) or a change 1n elevation (e.g., moving,
between levels or between stories 1n a building) occurs. In
the following discussion, a general description of the system
and 1ts components 1s provided, followed by a discussion of
the operation of the same.

FIG. 1 depicts one of the various embodiments of the
present disclosure. Here, a conveyance system 100 compris-
ing a plurality of rollers 103 along several tracks 106 1is
depicted. One or more of the rollers 103 may be spun by one
or more motors attached to a respective track 106. As
illustrated a number of fans 109 are mounted underneath the
rollers 103 along one of the tracks 106. The fans 109 can be
spun to pull air down through the rollers 103. This airflow
applies additional downward force, in addition to gravity,
thereby increasing the amount of fiction between the rollers
103 above the fans 109 and individual items. The gaps
between the mndividual rollers 103 on the tracks 106 result in
the track 106 acting as an air permeable surface through
which the fans 109 can pull arr.

FIG. 2 depicts an embodiment of a cross-belt sorter,
according to various embodiments of the present disclosure.
Here, a conveyance system 200, such as a cross-belt sorter
that includes a plurality of cross-belt segments 203 mounted
to a track 206, 1s depicted. Each cross belt segment 203
includes an air permeable conveyor belt that moves across
the conveyor segment 203 at an angle relative to the track
206. The air permeable conveyor belt can include a perfo-
rated belt, a chain-link belt, or other conveyor belt that
allows air to pass through 1t. Here, the air permeable
conveyor belts of the individual conveyor segments 203 that
are depicted operate perpendicularly relative to the track 206
to move 1tems 1nto various slides.

Each cross-belt segment 203 can include an air displace-
ment device 209, such as a fan, suction pump, reverse
Venturi valve, or similar device. In these instances, the air
displacement device 209 1s mounted to the cross-belt seg-
ment 203 beneath the air permeable conveyor belt. However,
in other instances, the air displacement device 209 could be
mounted to the track 206 1n order to remain 1n a stationary
position. In these instances, a cross-belt segment 203 would
cross over an air displacement device 209 as the cross-belt
segment moved along the track 206. In either instance, as the
air displacement device 209 draws air down through the air
permeable conveyor belt, the resulting suction helps secure
the 1tem to the cross-belt segment 203. Both the cross-belt
segment 203 and the air displacement device 209 can be
powered by an electric rail mounted to an interior surface of
the track 206.

FIG. 3 depicts an embodiment of a tilt-tray sorter, accord-
ing to various embodiments of the present disclosure. Here,
the conveyance system 300 includes a plurality of tilt-trays
303 mounted to a track 306. Each tilt-tray 303 includes an
air permeable surface on which an 1tem can be placed. The
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air permeable surface can include, for example a perforated
surface or other surface that allows air to pass through 1t.

Each tilt-tray 303 includes an air displacement device
309, such as a fan, suction pump, reverse Venturi valve, or
similar device. The air displacement device 309 1s mounted
beneath the air permeable surface of the tilt-tray 303. As the
air displacement device 309 draws air down through the air
permeable surface, the resulting suction helps secure the
item 313 to the tilt-tray 303. Both the tilt-tray 303 and the
air displacement device 309 can be powered by an electric
rail mounted to an interior surface of the track 306.

FI1G. 4 depicts another one of the various embodiments of
the present disclosure. Here, a conveyance system 400, such
as a cross-belt sorter that includes a plurality of cross-belt
segments 403 mounted to a track 406, 1s depicted. Each
cross belt segment 403 includes an air permeable conveyor
belt that moves across the conveyor segment 403 at an angle
relative to the track 406. The air permeable conveyor belt
can include a perforated belt, a chain-link belt, or other
conveyor belt that allows air to pass through 1t. Here, the air
permeable conveyor belts depicted operate at a 90 degree
angle relative to the track 406 to move items 1nto various
slides.

Above the track 406 1s a series of air displacement devices
409. An air displacement device 409 could include a fan,
blower, or similar device. Each of the air displacement
devices blows air down, as depicted by the arrow 1n FIG. 4,
onto the track 406. The air flows through the air permeable
conveyor belts of the individual cross-belt segments 403,
thereby applying positive air pressure to 1items 413 on their
respective cross-belt segments 403. In some embodiments,
the air displacement devices 409 may be stationary. In other
embodiments, the air displacement devices 409 can be
mounted to their own track, allowing individual air displace-
ment devices 409 to be moved synchronously with a corre-
sponding cross-belt segment 403.

FI1G. 5 depicts a networked environment 200 according to
vartous embodiments of the present disclosure. The net-
worked environment 200 includes a computing environment
503, a conveyor segment 506, and an air displacement
device 509, which are in data communication with each
other via a network 513. The network 513 includes wide area
networks (WANSs) and local area networks (LANs). These
networks can include wired or wireless components or a
combination thereof. Wired networks can include Ethernet
networks, cable networks, fiber optic networks, and tele-
phone networks such as dial-up, digital subscriber line
(DSL), and integrated services digital network (ISDN) net-
works. Wireless networks can include cellular networks,
satellite networks, Institute of Flectrical and Electronic
Engineers (IEEE) 802.11 wireless networks (1.e., WI-FI®),
BLUETOOTH® networks, microwave transmission net-
works, as well as other networks relying on radio broadcasts.
The network 513 can also include a combination of two or
more networks 513. Examples of networks 513 can include
the Internet, intranets, extranets, virtual private networks
(VPNs), and similar networks.

The computing environment 503 may include, for
example, a server computer or any other system providing
computing capability. Alternatively, the computing environ-
ment 503 may employ a plurality of computing devices that
may be arranged, for example, 1n one or more server banks
or computer banks or other arrangements. Such computing
devices may be located in a single installation or may be
distributed among many different geographical locations.
For example, the computing environment 503 may include
a plurality of computing devices that together may 1nclude
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a hosted computing resource, a grid computing resource or
any other distributed computing arrangement. In some cases,
the computing environment 503 may correspond to an
clastic computing resource where the allotted capacity of
processing, network, storage, or other computing-related
resources may vary over time.

Various applications or other functionality may be
executed 1n the computing environment 503 according to
vartous embodiments. The components executed on the
computing environment 503, for example, include a control
application 516 and other applications, services, processes,
systems, engines, or functionality not discussed 1n detail
herein.

The control application 316 1s executed to control the
operation of individual conveyor segments 506 and air
displacement devices 309. For example, the control appli-
cation 516 can adjust the air flow generated by an air
displacement device 509 to alter the amount of suction or lift
generated by the air displacement device 509. As another
example, the control application 516 can increase or
decrease the speed at which a track moves individual
conveyor segments 506.

Also, various data 1s stored in a data store 519 that 1s
accessible to the computing environment 303. The data store
519 may be representative of a plurality of data stores 519,
which can include relational databases, object-oriented data-
bases, hierarchical databases, hash tables or similar key-
value data stores, as well as other data storage applications
or data structures. The data stored 1n the data store 519 is
associated with the operation of the various applications or
functional entities described below. This data can include
conveyor segment models 523, an item catalog 526, a
conveyor map 329, and potentially other data.

The conveyor segment model 523 represents a data model
of an individual conveyor segment 506. Accordingly, the
conveyor segment model 523 may include data such as the
current location 533 of a conveyor segment 306, an 1tem
identifier 536 of an 1tem positioned on the conveyor segment
506, a current air tlow rate 539 representing the volume of
air flowing over the modeled conveyor segment 506 or the
air pressure applied to modeled conveyor segment 506, and
a current speed 543 of a conveyor segment 506. The air tlow
rate 339 can represent the air flow or air pressure generated
by the air displacement device 509, as well as air flow or air
pressure generated from other sources (e.g., ambient air
pressure). The conveyor segment model 523 may also
include additional state information about a corresponding
conveyor segment 506.

The 1item catalog 526 represents a list or catalog of items
546 that could be conveyed by a conveyor segment 306. For
individual items 3546 stored in the item catalog 526, infor-
mation such as the weight and dimensions of the 1item 546
may be stored, as well as potentially other data (e.g.,
handling instructions). An individual 1tem 546 may also be
referenced by an item i1dentifier 549, allowing for an item
546 to be 1dentified and information about the item 546 to be
retrieved from the item catalog 526.

The conveyor map 529 represents a map of the track that
moves 1ndividual conveyor segments 306. The conveyor
map 529 stores information about the location of various
sections of the track that moves the conveyor segments 506
in order for the control application 316 to determine the
location of a conveyor segment 306 on the track. The
information can include an identifier of the section (e.g.
package ingress area, sorting area, package egress area,
change 1n altitude or elevation, etc.).
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The conveyor segment 506 represents a variety of poten-
tial conveyor segments 306 that could be used. A conveyor
segment 306 could include a single conveyor belt extending
the length of a track, a cross-belt segment used 1in a cross-
belt sorter, a tilt-tray used 1n a tilt-tray sorter, or a similar
segment used to transport an 1tem with a materials handling
and sorting system or apparatus. The conveyor segment 506
can 1nclude one or more conveyor segment sensors 533 and
a network interface 556.

A conveyor segment sensor 353 1s sensor that measures a
physical property of the conveyor segment 506 or detects an
occurrence of an event. For example, a conveyor segment
sensor 533 could include a speedometer that measures the
speed at which the conveyor segment 506 1s moving. As
another example, a conveyor segment sensor 353 could
include a radio frequency identification (RFID) reader to
read an RFID tag affixed to an item 346 carried by the
conveyor segment 506. As a third example, a conveyor
segment sensor 553 could include a pressure sensor or scale
that detects the presence of an item 546 on the conveyor
segment 506 and/or determines how heavy the item 346 1s.

The network interface 556 represents a device connecting,
the conveyor segment 306 to the network 513. Accordingly,
the network interface 556 includes the circuitry necessary to
communicate using the approprate physical and/or data link
layers of the network 513. Examples of a network interface
556 include a wired Ethernet interface, a WI-FI interface, as
well as various other interfaces.

The air displacement device 509 represents a device that
can directionally displace air. Examples of an air displace-
ment device 509 include a fan (e.g., an axial flow fan, a
centrifugal fan, a cross-flow fan, etc.), an air pump (e.g., a
suction pump, a Ventur: valve or a reverse Ventur: valve,
etc.), an air blower, as well as similar devices. In some
embodiments, the air displacement device 509 may be
reversible (1.e., can blow air away from or suck air towards
the air displacement device 509). In some instances, the air
displacement device 509 may be integrated into or mounted
onto a conveyor segment 506. In other instances, the air
displacement device 509 may be physically separated from
the conveyor segment 506.

The air displacement device 509 can include an airflow
controller 359 and one or more air displacement sensor(s)
563, which may be 1 data communication with the control
application 516. The airflow controller 359 serves to control
the rate at which air 1s displaced. For example, the airflow
controller 559 could alter a fan motor speed or a pump motor
speed to 1increase or decrease the rate at which air 1s
displaced, or a flow control mechanism, e.g., one or more
movable vanes, for varying the amount of air flowing into or
out of the air displacement device. An air displacement
sensor 363 measures the volume of air displaced and the rate
at which 1t 1s displaced. The air displacement sensor 563 can
accomplish this through several approaches. For example,
the air displacement sensor 563 could measure the current
speed (e.g., revolutions per minute) of the motor of the air
displacement device 509 to calculate the air flow. As another
example, the air displacement sensor 563 could correspond
to an air vane that moves 1n proportion to airtflow, allowing
for airflow to be directly measured.

Next, a general description of the operation of the various
components of the networked environment 500 1s provided.
To begin, one or more conveyor segments 506 located on a
track are put into motion. As the conveyor segments 506
move along the track, items 546 are placed on individual
ones of the conveyor segments 506.
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After an 1item 546 1s placed on a conveyor segment, 1ts
presence may be reported to the control application 516 by
the conveyor segment 506. Some additional information
about the item 546 (e.g., weight, size, identifier, etc.) may
also be reported to the control application 516. Information
about the item 546 can be used by the control application
516 to determine an appropriate flow rate 539 or resulting air
pressure for a respective air displacement device 3509 to
generate.

Additional information may also be provided to or deter-
mined by the control application 516. This information can
include the current location 333 of the conveyor segment
506 on a conveyor map 529, the current speed 543 of the
conveyor segment 506, a flow rate 539 for air flow generated
by a respective air displacement device 309, and potentially
other data. This additional information can also be used by
the control application 516 to determine an appropriate flow
rate 539 for a respective air displacement device 509 to
generate

The control application 516 can then determine what an
appropriate tlow rate 539 would be for the air displacement
device 509. Diflerent 1tems 549 may require different tlow
rates 539 in order to achieve a target force of static friction
between the item 3549 and the surface of the conveyor
segment 506. Static friction 1s equal to the product of the
normal force between an object and the surface on which 1t
rests multiplied by the coetlicient of static friction for that
particular surface. Accordingly, heavier items 549 may
require less air pressure to maintain a target force of static
friction with the surface of the conveyor segment 506 than
a lighter item 546 due to the magnitude of the normal force
generated from the weight of heavier items 549. Likewise,
a higher flow rate 539 may be required to achieve a target
force of static friction for lighter items 3546 because the
magnitude of the normal force for lighter 1items 549 1s too
small given the weight of the lighter 1tems. In both cases, the
normal force can be adjusted by applying a positive air
pressure or negative air pressure to an item 349, resulting in
an increase or decrease of the force of static friction. As
another example, higher target forces of static friction
between an item 546 and the surface of the conveyor
segment 306 may be required 1n order to move the conveyor
segments 306 along a track at higher speeds. In other
examples, changes in elevation of a conveyor segment,
which can be determined based at least 1n part on the current
location 533 of a conveyor segment 506, may require higher
target forces of static Iriction (and accordingly higher flow
rates 539) in order to prevent 1tems 546 from either flying ofl
of the conveyor segment when the conveyor angles down-
ward, or tipping over when the conveyor inclines upward.
Accordingly, the control application 516 could instruct an air
displacement device 509 to adjust a flow rate 539 (e.g.,
increase the tlow rate 339 or decrease the tlow rate 539 as
the situation warrants) for a conveyor segment 506 based at
least 1n part on one or more of these factors.

Once the control application 516 determines a target flow
rate 539 for a respective air displacement device 509, the
control application 516 determines whether the current tlow
rate 539 matches the target tlow rate 539. 11 the current flow
rate 539 fails to match the target flow rate 339, the control
application 516 can send a command or 1nstruction to the
airflow controller 559 of the respective air displacement
device 509 to increase or decrease the current flow rate 539
to match the target flow rate 539.

In some instances, the conveyor segment 506 can be
configured to communicate with the airflow controller 559
to modily the flow rate 539 without the intervention of the
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control application 516. For example, the conveyor segment
306 can use one or more conveyor segment sensors 333 to
determine whether an 1tem 546 1s present on the conveyor
segment 506. If an item 546 1s determined to be present,
control circuits in the conveyor segment 506 could auto-
matically instruct the airtlow controller 559 of a respective
air displacement device 509 to activate the air displacement
device 509. Similarly, 1f conveyor segment sensors 553
determine that an item 546 has been removed, control
circuits 1 the conveyor segment 506 could automatically
instruct the airflow controller 559 to deactivate the air
displacement device 509. As an illustrative example, the
conveyor segment 506 could include a pressure sensor that,
when activated, causes the airflow controller 559 to activate
the air displacement device 509. Similarly, when the pres-
sure sensor 1s deactivated, the airflow controller 559 would
deactivate the air displacement device 509. A weight scale
could similarly be used, where zero weight causes the
airtlow controller 559 to deactivate the air displacement
device 509, a low weight causes the airtlow controller 559
to run at reduced speed or airtlow, and a large weight causes
the airflow controller 559 to run at full speed or airtlow.

Referring next to FIG. 6, shown 1s a flowchart that
provides one example of the operation of a portion of the
conveyor segment 306 according to various embodiments. It
1s understood that the flowchart of FIG. 6 provides merely
an example of the many different types of functional
arrangements that may be employed to implement the opera-
tion of the portion of the conveyor segment 306 as described
herein. As an alternative, the flowchart of FIG. 6 may be
viewed as depicting an example of elements of a method
implemented in conveyor segment 506 according to one or
more embodiments.

Beginning with box 603, control circuitry on the conveyor
segment 506 receives a reading from a conveyor segment
sensor 333 (FIG. 5), such as a pressure sensor. The reading
can indicate that an 1tem 346 (FIG. 5) has been placed on the
conveyor segment 506 or that an item has been removed
from the conveyor segment 506. For example, an increase 1n
the measured weight or pressure could indicate that item 546
has been placed on the conveyor segment 506 while a
decrease 1n the measured weight or pressure could indicate
that the 1tem 546 has been removed from the conveyor
segment 506.

Proceeding to box 606, the control circuitry on the con-
veyor segment 306 determines whether the reading recerved
from the conveyor segment sensor 353 1s above or below a
predefined threshold value in order to determine whether an
item 546 has been placed on top of or removed from the
conveyor segment 506. For example, 11 the reading 1s above
a threshold value (corresponding to the additional weight of
an item 546 added to the conveyor segment 506), then the
process proceeds to box 609. However, if the 1s below a
threshold value (corresponding to the decrease 1n measured
weight as a result of an item 546 being removed from the
conveyor segment 506), then the process proceeds nstead to
box 616.

If process proceeds to box 609, the control circuitry on the
conveyor segment 5306 checks the state of the air displace-
ment device 509 (FI1G. 5) to see 11 1t 1s currently 1nactive. For
example, the control circuitry on the conveyor segment 506
may send a signal or a request to the airflow controller 5359
(FIG. 5) to determine 11 the air displacement device 509 1s
currently inactive (e.g., query to see if a fan motor 1is
currently not running). If the air displacement device 509 1s
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currently inactive, the process proceeds to box 613. How-
ever, 1f the air displacement device 509 1s active, then the
process subsequently ends.

Moving to box 613, the control circuitry on the conveyor
segment 506 activates the air displacement device 509. For
example, the control circuitry could send a signal or message
to the airflow controller 559 that instructs the airflow con-
troller 5359 to turn on the motor controlling the air displace-
ment device 509 (e.g., a fan motor). As another example, the
control circuitry could send a signal or message to the
airflow controller 359 that instructs the airflow controller
5359 to adjust or increase the amount of air being displaced
by the air displacement device (e.g., increase speed of fan
motor from a lower speed to a higher speed). Execution of
the process then subsequently ends.

However, 11 the process instead proceeded from box 606
to box 616, then the control circuitry on the conveyor
segment 506 checks the state of the air displacement device
509 to see 1t it 1s currently active. For example, the control
circuitry on the conveyor segment 506 may send a signal or
a request to the airtlow controller 359 to determine i1 the air
displacement device 309 1s currently active (e.g., query to
see 11 a fan motor 1s currently running). I the air displace-
ment device 509 1s currently active, the process proceeds to
box 619. However, 1t the air displacement device 309 1s
inactive, then the process subsequently ends.

Moving to box 619, the control circuitry on the conveyor
segment 506 then deactivates the air displacement device
509. For example, the control circuitry could send a signal
or message to the airflow controller 559 that instructs the
airflow controller 559 to turn off the motor controlling the air
displacement device 509 (e.g., a fan motor). As another
example, the control circuitry could send a signal or message
to the airflow controller 5359 that instructs the airtlow con-
troller 559 to adjust or decrease the amount of air being
displaced by the air displacement device (e.g., increase
speed of fan motor from a higher speed to a lower speed).
Execution of the process then subsequently ends.

Although the functional elements detailed above are
described as being implemented by the conveyor segment
506, a similar method could be performed by the control
application 316 (FIG. 5). In such an alternative embodiment,
the control application 516 could receive a reading from the
pressure sensor in a manner similar to that described at box
603. The control application 516 could then determine that
the reading 1s above the threshold 1n a manner similar to that
described at box 606. The control application 516 could then
determine whether the air displacement device 509 1s active
or not by querying the airtflow controller 359 1n a manner
similar to that described 1n boxes 609 and 616. Finally, the
control application 516 could send a command to the airtlow
controller 539 to activate or deactivate the air displacement
device 509 1n a manner similar to that described in boxes
613 and 619.

Referring next to FIG. 7, shown 1s a flowchart that
provides one example of the operation of a portion of the
control application 516 according to various embodiments.
It 1s understood that the flowchart of FIG. 7 provides merely
an example of the many different types of functional
arrangements that may be employed to implement the opera-
tion of the portion of the control application 516 as described
heremn. As an alternative, the flowchart of FIG. 7 may be
viewed as depicting an example of elements of a method
implemented 1n the computing environment 503 (FIG. 5)
according to one or more embodiments.

Beginning with box 703, the control application 516
determines that an item 546 (FIG. 3) 1s present on a
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conveyor segment 506 (FIG. 5). For example, the conveyor
segment 306 could communicate to a reading or readings
from one or more conveyor segment sensors 353 (FIG. 5).
The control application 516 could then determine that an
item 546 was present (e.g., due to a change in weight being
recorded or a pressure indicating a present of the 1tem 546).
Other approaches may be used in various other embodi-
ments.

Moving on to box 706, the control application 516 iden-
tifies the item 3546 on the conveyor segment 306. For
example, the control application 316 could send a command
to the conveyor segment 506 to use a conveyor segment
sensor 553 (e.g., an RFID reader) to obtain an 1tem 1dentifier
549 (FIG. 5——=.g., read an RFID tag aflixed to the item 546)
and return the result to the control application 516. The
control application 516 could then use item identifier as a
search value of an 1tem catalog 526 (FIG. 5) to identily the
item 546.

Proceeding next to box 709, the control application 516
sends a command to an airflow controller 359 to adjust the
air flow rate of a respective air displacement device 509
(e.g., an air displacement device 309 mounted to the con-
veyor segment 306 or moving 1n tandem with the conveyor
segment 506). For example, the control application 516
could send an 1nstruction to increase the air tlow 1n order to
increase the static friction between the item 546 and the
surface of the conveyor segment 506 1f the 1tem 3546 1s a
lightweight 1tem 546 that 1s likely to become airborne at
speed. As another example, the control application 516
could send an instruction to decrease the air flow (or even
generate reverse air flow) 1 order to decrease the static
friction between the item 546 and the surface of the con-
veyor segment 506 11 the 1tem 546 1s a heavier item 546 and
too much static friction would prevent the item from being
sorted at a later point by the materials handling system.

Referring next to FIG. 8, shown i1s a flowchart that
provides one example of the operation of a portion of the
control application 516 according to various embodiments.
It 1s understood that the flowchart of FIG. 8 provides merely
an example of the many different types of functional
arrangements that may be employed to implement the opera-
tion of the portion of the control application 516 as described
herein. As an alternative, the flowchart of FIG. 8 may be
viewed as depicting an example of elements of a method
implemented 1n the computing environment 503 (FIG. 5)
according to one or more embodiments.

Beginning with box 803, the control application 516
determines the current location 533 (FIG. 5) of a conveyor
segment 506 (FIG. 5). This can be accomplished using any
one or more of several approached. For instance, the con-
veyor segment 306 could determine its own current location
533 and report 1ts current location 333 to the control
application 3516. In other instances, the conveyor segment
506 could trigger some sensor to indicate its current location
533 along a track. As another example, the conveyor seg-
ment 506 could periodically broadcast a radio beacon that
could be received by one or more sensors. The control
application 516 could then use various multilateration
approaches to determine the current location 533 of the
conveyor segment 506 (e.g. time-delay on arrival, difler-
ences 1n signal strength, etc.). In other instances, as the
conveyor segment 506 passed an 1mage capture device (e.g.,
a camera) or some other sensor, the control application 516
could determine the current location 533 of the conveyor
segment 306 based on 1ts proximity to the sensor.

Proceeding to box 806, the control application 516 sends
a command to an airflow controller 559 to adjust the air tlow
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rate of a respective air displacement device 509 (e.g., an air
displacement device 509 mounted to the conveyor segment
506 or moving 1n tandem with the conveyor segment 506).
For example, the control application 516 could send an
instruction to increase the air flow 1f the conveyor segment
506 1s approaching a section of the track where increased
static friction would be desirable (e.g., sharp turn, change 1n
clevation, etc.). As another example, the control application
516 could send an instruction to decrease the air tlow if the
conveyor segment 1s approaching a section of the track
where decreased static friction would be desirable. After
sending the command, the process subsequently ends.

Referring next to FIG. 9, shown 1s a flowchart that
provides one example of the operation of a portion of the
control application 516 according to various embodiments.
It 1s understood that the flowchart of FIG. 9 provides merely
an example of the many different types of functional
arrangements that may be employed to implement the opera-
tion of the portion of the control application 516 as described
herein. As an alternative, the flowchart of FIG. 9 may be
viewed as depicting an example of elements of a method
implemented 1n the computing environment 503 (FIG. 5)
according to one or more embodiments.

Beginning with box 903, the control application 516
determines the current air flow rate of an air displacement
device 509 (FIG. 5). This can be accomplished 1n several
ways. For instance, the control application 516 could send a
query to the airtlow controller 559 (FIG. 5) of the air
displacement device 509 and receive a response indicating
the current operating speed of the motor controlling the air
displacement device 509. The control application 516 could
then calculate the air flow rate based on the current operating
speed of the motor. As another example, the control appli-
cation 316 could query an air displacement sensor 5363 (FIG.
5) and receive 1n response a reading indicating a measured
amount of air tlow.

Proceeding to box 906, the control application 516 can
determine 11 the current speed 543 (FIG. 5) of the conveyor
segment 306 (FI1G. 5) corresponding to the air displacement
device 509 1s optimal for the determined air flow rate. This
determination can be based on a number of factors, such as
the weight of an item 546 or a type of item 546 on the
conveyor segment 306 or other conveyor segments 506 of
the track. If the current speed 543 i1s determined to be
optimal (e.g., the fastest safe operating speed when the air
displacement device 509 1s operating at the measured air
flow rate), then the process ends. Otherwise, the process
proceeds to box 909.

Moving on to box 909, the control application 516 can
then send a command to the track that is moving the
conveyor segment 306 (FIG. 5). If the speed 1s too slow
(e.g., the track can operate equally safely at a higher speed
due to the airtflow determined at box 903), then the control
application 516 can send a command to the track to increase
the current speed 543 of the conveyor segments 506. Simi-
larly, 1t the speed 1s too fast (e.g., the track cannot operate
sately at the current speed 543 because the airflow deter-
mined at box 903 1s too low), then the control application
can send a command to the track to decrease the current
speed 543 of the conveyor segments 506 to the optimal track
speed. Execution of the process subsequently ends.

Referring next to FIG. 10, shown 1s a flowchart that
provides one example of the operation of a portion of the
control application 1003 according to various embodiments.
It 1s understood that the flowchart of FIG. 10 provides
merely an example of the many different types of functional
arrangements that may be employed to implement the opera-
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tion of the portion of the control application 1003 as
described herein. As an alternative, the flowchart of FIG. 10
may be viewed as depicting an example of elements of a
method mmplemented in the computing environment 503
(FIG. 5) according to one or more embodiments.

Beginning with box 1003, the control application 516
determines the current speed 543 (FIG. 5) of a conveyor
segment 306 (FIG. 5). For mstance, the conveyor segment
506 could determine 1ts own current speed 543 and report 1ts
current speed 543 to the control application 316 on a
periodic basis. The current speed 343 could be measured
using a conveyor segment sensor 353, such as a speedom-
cter. In another instance, the control application 516 could
determine the location of the conveyor segment 506 at two
different points 1n time and calculate the speed of the
conveyor segment 506 based on the distance travelled
between the two different points during the interveming
interval of time.

Proceeding to box 1006, the control application 516 sends
a command to an airflow controller 559 to adjust the air tlow
rate ol a respective air displacement device 509 (e.g., an air
displacement device 509 mounted to the conveyor segment
506 or moving 1n tandem with the conveyor segment 506).
For example, the control application 516 could send an
instruction to increase the air tlow 11 the conveyor segment
506 1s moving at a high rate of speed 1n order to prevent
items from becoming airborne or otherwise “flying off” of
the conveyor segment 506. As another example, the control
application 516 could send an instruction to decrease the air
flow 11 the conveyor segment 506 1s operating a lower rate
of speed 1n order to save power, decrease static Iriction to
avold unintended jams of equipment, etc. After the com-
mand 1s sent, the process subsequently ends.

With reference to FIG. 11, shown 1s a schematic block
diagram of the computing environment 503 according to an
embodiment of the present disclosure. The computing envi-
ronment 503 includes one or more computing devices 1100.
Each computing device 1100 includes at least one processor
circuit, for example, having a processor 1103 and a memory
1106, both of which are coupled to a local mterface 1109. To
this end, each computing device 1100 may include, for
example, at least one server computer or like device. The
local mterface 1109 may include, for example, a data bus
with an accompanying address/control bus or other bus
structure as can be appreciated.

Stored 1n the memory 1106 are both data and several
components that are executable by the processor 1103. In
particular, stored 1n the memory 1106 and executable by the
processor 1103 1s the control application 516 and potentially
other applications. Also stored in the memory 1106 may be
a data store 319 and other data. In addition, an operating
system may be stored 1n the memory 1106 and executable by
the processor 1103.

It 1s understood that there may be other applications that
are stored 1in the memory 1106 and are executable by the
processor 1103 as can be appreciated. Where any component
discussed herein 1s implemented in the form of soitware, any
one of a number of programming languages may be
employed such as, for example, C, C++, C#, Objective C,
Java®, JavaScript®, Perl, PHP, Visual Basic®, Python®,
Ruby, Flash®, or other programming languages.

A number of software components are stored in the
memory 1106 and are executable by the processor 1103. In
this respect, the term “executable” means a program file that
1s 1n a form that can ultimately be run by the processor 1103.
Examples of executable programs may be, for example, a
compiled program that can be translated into machine code
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in a format that can be loaded 1nto a random access portion
of the memory 1106 and run by the processor 1103, source
code that may be expressed 1n proper format such as object
code that 1s capable of being loaded into a random access
portion of the memory 1106 and executed by the processor
1103, or source code that may be interpreted by another
executable program to generate instructions 1 a random
access portion of the memory 1106 to be executed by the
processor 1103, etc. An executable program may be stored
in any portion or component of the memory 1106 including,
for example, random access memory (RAM), read-only
memory (ROM), hard drive, solid-state drive, Universal
Serial Bus (USB) flash drive, memory card, optical disc such
as compact disc (CD) or digital versatile disc (DVD), floppy
disk, magnetic tape, or other memory components.

The memory 1106 1s defined herein as including both
volatile and nonvolatile memory and data storage compo-
nents. Volatile components are those that do not retain data
values upon loss of power. Nonvolatile components are
those that retain data upon a loss of power. Thus, the
memory 1106 may include, for example, random access
memory (RAM), read-only memory (ROM), hard disk
drives, solid-state drives, USB flash drives, memory cards
accessed via a memory card reader, tloppy disks accessed
via an associated floppy disk drive, optical discs accessed
via an optical disc drive, magnetic tapes accessed via an
appropriate tape drive, or other memory components, or a
combination of any two or more of these memory compo-
nents. In addition, the RAM may include, for example, static
random access memory (SRAM), dynamic random access
memory (DRAM), or magnetic random access memory
(MRAM) and other such devices. The ROM may include,
for example, a programmable read-only memory (PROM),
an erasable programmable read-only memory (EPROM), an
clectrically erasable programmable read-only memory (EE-
PROM), or other like memory device.

Also, the processor 1103 may represent multiple proces-
sors 1103 or multiple processor cores and the memory 1106
may represent multiple memories 1106 that operate in
parallel processing circuits, respectively. In such a case, the
local mterface 1109 may be an appropriate network that
facilitates communication between any two of the multiple
processors 1103, between any processor 1103 and any of the
memories 1106, or between any two of the memories 1106.
The local interface 1109 may include additional systems
designed to coordinate this commumication, mcluding, for
example, performing load balancing. The processor 1103
may be of electrical or of some other available construction.

Although the control application 516 and other various
systems described herein may be embodied in software or
code executed by general purpose hardware as discussed
above, as an alternative the same may also be embodied 1n
dedicated hardware or a combination of software/general
purpose hardware and dedicated hardware. If embodied in
dedicated hardware, each can be implemented as a circuit or
state machine that employs any one of or a combination of
a number of technologies. These technologies may include,
but are not limited to, discrete logic circuits having logic
gates for implementing various logic functions upon an
application of one or more data signals, application specific
integrated circuits (ASICs) having approprniate logic gates,
field-programmable gate arrays (FPGAs), or other compo-
nents, etc. Such technologies are generally well known by
those skilled in the art and, consequently, are not described
in detail herein.

The tflowcharts of FIGS. 6-10 show the functionality and

operation of an implementation of portions of the control
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application 516 or control circuits of the conveyor segment
506. If embodied 1n software, each block may represent a
module, segment, or portion of code that includes program
instructions to implement the specified logical function(s).
The program instructions may be embodied in the form of
source code that includes human-readable statements writ-
ten 1 a programming language or machine code that
includes numerical instructions recognizable by a suitable
execution system such as a processor 1103 1n a computer
system or other system. The machine code may be converted
from the source code through wvarious processes. For
example, the machine code may be generated from the
source code with a compiler prior to execution of the
corresponding application. As another example, the machine
code may be generated from the source code concurrently
with execution with an interpreter. Other approaches can
also be used. If embodied 1n hardware, each block may
represent a circuit or a number of 1terconnected circuits to
implement the specified logical function or functions.

Although the flowcharts of FIGS. 6-10 show a specific
order of execution, 1t 1s understood that the order of execu-
tion may differ from that which 1s depicted. For example, the
order of execution of two or more blocks may be scrambled
relative to the order shown. Also, two or more blocks shown
in succession 1 FIGS. 6-10 may be executed concurrently
or with partial concurrence. Further, in some embodiments,
one or more of the blocks shown in FIGS. 6-10 may be
skipped or omitted. In addition, any number of counters,
state variables, warning semaphores, or messages might be
added to the logical flow described herein, for purposes of
enhanced utility, accounting, performance measurement, or
providing troubleshooting aids, etc. It 1s understood that all
such variations are within the scope of the present disclo-
sure.

Also, any logic or application described herein, including
the control application 516 or control circuits of the con-
veyor segment 506, that includes software or code can be
embodied 1n any non-transitory computer-readable medium
for use by or in connection with an instruction execution
system such as, for example, a processor 1103 1n a computer
system or other system. In this sense, the logic may include,
for example, statements including instructions and declara-
tions that can be fetched from the computer-readable
medium and executed by the instruction execution system.
In the context of the present disclosure, a “computer-
readable medium” can be any medium that can contain,
store, or maintain the logic or application described herein
for use by or 1n connection with the instruction execution
system.

The computer-readable medium can include any one of
many physical media such as, for example, magnetic, opti-
cal, or semiconductor media. More specific examples of a
suitable computer-readable medium would include, but are
not limited to, magnetic tapes, magnetic floppy diskettes,
magnetic hard drives, memory cards, solid-state drives, USB
flash drives, or optical discs. Also, the computer-readable
medium may be a random access memory (RAM) including,
for example, static random access memory (SRAM) and
dynamic random access memory (DRAM), or magnetic
random access memory (MRAM). In addition, the com-
puter-readable medium may be a read-only memory (ROM),
a programmable read-only memory (PROM), an erasable
programmable read-only memory (EPROM), an electrically
erasable programmable read-only memory (EEPROM), or
other type ol memory device.

Further, any logic or application described herein, includ-
ing the control application 516 or control circuits of the
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conveyor segment 306, may be implemented and structured
in a variety of ways. For example, one or more applications
described may be implemented as modules or components
of a single application. Further, one or more applications
described herein may be executed in shared or separate
computing devices or a combination thereof. For example, a
plurality of the applications described herein may execute in
the same computing device 1100, or 1n multiple computing
devices 1n the same computing environment 503.

Disjunctive language such as the phrase “at least one of X,
Y, or Z,” unless specifically stated otherwise, 1s otherwise
understood with the context as used 1n general to present that
an item, term, etc., may be either X, Y, or Z, or any
combination thereof (e.g., X, Y, or Z). Thus, such disjunctive
language 1s not generally intended to, and should not, imply
that certain embodiments require at least one of X, at least
one of Y, or at least one of Z to each be present.

It should be emphasized that the above-described embodi-
ments of the present disclosure are merely possible
examples of implementations set forth for a clear under-
standing of the principles of the disclosure. Many varations
and modifications may be made to the above-described
embodiments without departing substantially from the spirit
and principles of the disclosure. All such modifications and
variations are intended to be included herein within the
scope of this disclosure and protected by the following
claims.

Therefore, the following 1s claimed:

1. A system, comprising;

a track:

a tilt tray athxed to the track, the tilt tray comprising:

a perforated surface;

a pressure sensor connected to the perforated surface;
and

a fan mounted underneath the perforated surface, the
fan comprising a plurality of fan blades connected to
a Tan motor controlled by a fan controller;
an electric raill mounted to the track that provides power
to the tilt tray and the fan;
a computing device in data communication with the fan
and the tilt tray, the computing device comprising a
processor and a memory; and
machine readable instructions stored 1n the memory that,
when executed by the processor, cause the computing
device to:
determine that an 1tem 1s present on the tilt tray based
at least 1n part on a reading generated by the pressure
SEeNnsor;

determine an appropriate air pressure to generate 1n
order to retain the 1tem on the tilt tray when the tilt
tray moves along the track at a particular speed,
wherein the appropriate air pressure i1s determined
based at least in part on the reading generated by the
pressure sensor; and

send a command to the fan controller to adjust a speed
of the fan motor to generate the appropriate air
pressure.

2. The system of claim 1, wherein the machine readable
instructions further cause the computing device to:

determine a current location of the tilt tray;

determine an updated appropriate air pressure to generate
to retain the 1tem on the tilt tray when the tilt tray moves
along the track at the particular speed at or proximate
to the current location; and

send a command to the fan controller to adjust the speed
of the fan motor to generate the updated appropriate air
pressure.
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3. The system of claim 1, wherein the machine readable
istructions further cause the computing device to:

determine an updated speed of the tilt tray;

determine an updated appropriate air pressure to generate
to retain the 1tem on the tilt tray when the tilt tray moves
along the track at the updated speed; and

send a command to the fan controller to adjust the speed
of the fan motor to generate the updated appropnate air
pressure.

4. A system, comprising;:

a track;

a conveyor segment aflixed to the track, the conveyor
segment comprising an air permeable surface;

an air displacement device underneath the air permeable
surface configured to move air through the air perme-
able surface, thereby increasing a static frictional force
upon the air permeable surface;

a computing device in data communication with the air
displacement device, the computing device comprising
a processor and a memory; and

machine readable instructions stored in the memory that,

when executed by the processor, cause the computing

device to:

determine that an 1tem 1s present on the conveyor
segment;

identify the item present on the conveyor segment; and

send a command to the air displacement device to
adjust a flow rate based at least in part on an
identification of the item.

5. The system of claim 4, wherein the air displacement
device comprises a fan.

6. The system of claim 4, wherein the air displacement
device comprises a reverse Venturl valve.

7. The system of claim 4, wherein the air displacement
device comprises a suction pump.

8. The system of claim 4, wherein the conveyor segment
comprises a tilt-tray.

9. The system of claim 4, wherein the conveyor segment
comprises a cross-belt segment and the air permeable sur-
face comprises a perforated conveyor belt positioned at an
angle relative to a direction of the track.

10. The system of claim 4, further comprising an electric
rail aflixed to the track, wherein the electric rail provides
power to the conveyor segment and the air displacement
device.

11. The system of claim 4, wherein:

the conveyor segment further comprises a pressure sensor

connected to the air displacement device; and

the air displacement device 1s activated in response to

receipt of a reading from the pressure sensor.

12. The system of claim 4,

wherein the machine readable instructions stored in the

memory, when executed by the processor, further cause

the computing device to:

determine a current location of the conveyor segment
on the track:; and
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send a command to the air displacement device to
adjust a tlow rate based at least 1n part on the current
location of the conveyor segment on the track.
13. The system of claim 4,
wherein the computing device 1s in data communication
with the track and the machine readable instructions
stored 1n the memory, when executed by the processor,
further cause the computing device to:
determine a flow rate of the air displacement device;
and

cause a change in speed of the conveyor segment based
at least 1n part on the flow rate of the air displacement
device.

14. The system of claim 4,

wherein the computing device 1s 1n data communication
with the conveyor segment and the machine readable
istructions stored in the memory that, when executed
by the processor, further cause the computing device to:
determine a current speed of the conveyor segment; and
send a command to the air displacement device to

adjust a tlow rate based at least 1n part on the current
speed of the conveyor segment.
15. A system, comprising;:
a track;
a conveyor segment atlixed to the track, the conveyor
segment comprising an air permeable surface;
a series of air displacement devices positioned above the
track such that air exiting each air displacement device
in the series of air displacement devices flows through
the air permeable surface of the conveyor segment;
a computing device 1n data communication with 1ndi-
vidual air displacement devices 1n the series of air
displacement devices, the computing device compris-
ing a processor and a memory; and
machine readable instructions stored 1n the memory that,
when executed by the processor, cause the computing
device to:
determine a current location of a conveyor segment on
the track; and

send a command to individual air displacement devices
in the series of air displacement devices to adjust a
flow rate based at least 1n part on the current location
of the conveyor segment on the track.

16. The system of claim 135, wherein the conveyor seg-
ment comprises a cross-belt segment and the air permeable
surface comprises a perforated conveyor belt positioned at
an angle relative to the direction of the track.

17. The system of claim 135, wherein the conveyor seg-
ment comprises a conveyor belt.

18. The system of claim 15, wherein the conveyor seg-
ment comprises a tilt tray.

19. The system of claim 15, wherein at least one air
displacement device 1n the series of air displacement devices
1s a reverse Ventur: valve.

20. The system of claim 15, wherein at least one air
displacement device 1n the series of air displacement devices
1s a suction pump.
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